Indomethacin, a potent antiinflammatory agent, frequently induces gastric irritation and ulceration, therefore, clinical application for the treatment of arthritis is not feasible. We have already reported that various amino acids significantly inhibit gastric ulcers induced by aspirin in pylorus-ligated rats (1), therefore, it was of interest to determine whether or not those amino acids also protect animals with an intact pylorus against indomethacin-induced gastric ulcers.
of Tween 80 and then in a I " carboxymethylcellulose (CMC) solution, was given s.c. at 20 mg/kg in a volume of 0.2 nil/100 g. Seven hr later, the animals were sacrificed by a blo~v on the head, the stomach of each removed and inflated by injection of 12 ml of 1 formalin after which the tissue was immersed in 1 °" formalin for 10 min. The stomach was then incised along the greater curvature and examined for the presence of gastric ulcers in the glandular portion.
The length of each lesion (mm) was measured under the dissecting micro scope (10 X), summed and used as an ulcer index. Amino acids suspended in I '" CMC solution were given by gastric intubation at 750, 250 or 83.3 mg/kg in a volume of 0.5 ml 100 g 10 min before indomethacin dosing. Control animals were given the same volume of l ; ; CMC solution alone.
Although all experiments were performed within one month, two control experiments (10 rats each) were done separately at the beginning and 3 'weeks later.
Since the mean of ulcer index obtained in these tvv.o experiments was not statistically different, the data were combined and averaged.
Similarly, experiments for each amino acid were done separately (10 rats for the first and 5 for the second at 3 week intervals) and the ulcer indices in 15 rats were averaged. Student's t-test was used to determine statistical significance.
Seven hr after indomethacin administration, punctate or elongated mucosal lesions were consistently found in the glandular stomach of all animals. Details of the results of various amino acids are given in Table 1 . Eleven out of 23 amino acids such as L-tryptophan, methionine, leucine, hydroxyproline, alanine, histidine, cysteine, proline, lysine, tyrosine and cystine showed more than 50° inhibition of indomethacin-induced gastric ulcers at the dose of 750 mg/kg. In particular, L-tryptophan and methionine almost completely inhibited the ulcers; i.e., only 2 of 15 rats had small lesions in each case. The inhibitory effect of L-glutamine was found to be 50° but was not statistically significant (P-0.05). Of seven amino acids given at the dose of 250 mg/kg, only t.-tryptophan showed a significant in hibition (71.1 P---.0.01) of indomethacin-induced ulcers. i.-leucine, hydroxyproline and alanine showed a tendency of inhibition but the effects were not significant (P -0.05). At 83.3 mg/kg, L-tryptophan and 4 other amino acids had no significant effect on the ulceration, even though L-hydroxyproline showed a 57.2°" inhibition.
These studies show that pretreatment of more than 10 amino acids significantly inhibited the indomethacin-induced gastric ulcers in rats. Since the mechanism involved in the irritation with indomethacin remains unknown, interpretation of the effects of these amino acids on ulceration is difficult. We previously reported that 19 amino acids such as 1--lysine, arginine, histidine, serine, valine, threonine, or glutamine, showed a significant inhibition of aspirin ulcers developed in the pylorus-ligated rats (I ). At the same time, gastric analysis indicated that amino acids such as L-glutamine, inhibited the acid back diffusion induced by aspirin, as the possible mechanism of amino acid protection. However, pH of the solution of L-lysine and arginine used in the previous experiment was 10.26 and 11.00, respectively.
Thus, it appears that amino acids having a high alkalinity may inhibit aspirin-induced ulcers by neutralizing the gastric acid accumulated in the stomach and such is considered to be the main causal factor. Even though the pylorus was not ligated in the animals used r_-lysine inhibited the indomethacin-induced ulcers (62.5'%), whereas L-arginine rather aggravated the ulcer ( 28.3 In contrast to the case of aspirin-induced ulcers. vvC found that the incidence of indomethacin-induced ulcers was reduced by ligation of the pylorus in rats (2).
Thus, it would appear that gastric acid does not play an important role in the pathogenesis of indomethacin ulcers. Although oL-tryptophan and L-methionine inhibited aspirin ulcers in pylorus-ligated rats, the inhibition rates (41.7" and 72.3 0) were much lower as compared to those on indomethacin ulcers (94.1 ",;, and 91.4 °"). In addition, L-cysteine and cystinc which had no effect on aspirin ulcers showed a significant effect on indomethacin ulcers, suggesting that the mechanism involved in the pathogenesis of aspirin and indomethacin induced ulcers is apparently different. 
